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© Solid state Imager. 

© The horizontal transfer section of a solid state 
imager comprises a well-region (12) of a second 
conductivity type formed on the surface of a semi- 
conductor substrate (11) of a first conductivity type 
and a signal charge transfer region (14b) formed on 
the surface of the well-region (11) of the second 
conductivity type. The well-region (12) is formed 
completely in depletion state by implantation of im- 
purities into this well-region (12), thereby improving 
the horizontal transfer efficiency without substantially 
affecting other element sections. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to solid 
state imagers and, more particularly, to a horizontal 
transfer section of a solid state imager in which 
charge transfer efficiency of its horizontal transfer 
section is improved. 

Description of the Prior Art 

FIG. 1 of the accompanying drawings shows an 
arrangement of a CCD (charge-coupled device) sol- 
id state imager of, for example, an interline transfer 
type as an example of conventional solid state 
imagers. 

As shown in FIG. 1, an image pickup section 3 
is comprised of a plurality of sensitive units (pixels) 
1 arrayed in the horizontal and vertical directions at 
the unit of pixel in a two-dimensional manner so as 
to store signal charges corresponding to the 
amount of an incident light and a vertical shift 
register (vertical transfer sections) 2 for transferring 
signal charges read-out from these sensitive sec- 
tions 1 at every vertical column to the vertical 
direction. In the image pickup section 3, the sen- 
sitive section 1 is made of, for example, a 
photodiode and the vertical shift register 2 is made 
of a CCD. Signal charges transferred to the vertical 
shift register 2 are sequentially transferred to a 
horizontal shift register (i.e., horizontal transfer sec- 
tion) 4 by an amount corresponding to one scan- 
ning line during a part of the horizontal blanking 
period. Signal charges corresponding to the 
amount of one scanning line are sequentially trans- 
ferred by the horizontal shift register 4 t to the hori- 
zontal direction. An output circuit section 5 is pro- 
vided at the end of the horizontal shift register 4. 
This output circuit section 5 is formed of a floating 
diffusion amplifier (i.e., FDA) to convert a signal 
charge transferred thereto into an electrical signal. 

Of this kind of CCD solid state imager, particu- 
larly in a device utilizing a semiconductor substrate 
of a first conductivity type, e.g., N type, respective 
elements are provided on a P-well region and this 
P-well region is formed in depletion state so as to 
function as an overflow barrier in order to remove a 
so-called blooming in the image sensor section. As 
to the horizontal shift register 4, in order to match 
the drive condition of a transfer clock for driving 
the horizontal transfer section, i.e., in order to 
match the voltage level (e.g., voltages of 5V and 
OV) of a horizontal transfer clock, a potential of a P 
well-region is decreased by the implantation of 
boron (B) therein. 

In this case, however, since the potential of the 
P well-region is lowered or made shallow by the 



implantation of boron (B) to the P well-region, it is 
to be understood that, when the horizontal transfer 
clock is "L" (low) in level, the P well-region is not 
formed in depletion state. As a result, the potential 
5 of the P well-region becomes neutral, thus resulting 
in the charge transfer efficiency of the horizontal 
transfer section being deteriorated. 

OBJECTS AND SUMMARY OF THE INVENTION 

10 

Therefore, it is an object of the present inven- 
tion to provide an improved solid state imager in 
which the aforesaid shortcomings and disadvan- 
tages of the prior art can be eliminated. 

75 ft is another object of the present invention to 
provide a solid state imager in which a charge 
transfer efficiency in the horizontal transfer can be 
improved without substantially exerting a bad influ- 
ence on other elements. 

20 In order to achieve the aforesaid objects, ac- 

cording to an aspect of the present invention, in a 
solid state imager having a horizontal transfer sec- 
tion comprised of a well-region of a second con- 
ductivity type formed on the surface of a semicon- 

25 ductor substrate of a first conductivity type and a 
signal charge transfer region formed on the surface 
of the well-region of the second conductivity type, 
this well-region of the second conductivity type is 
formed completely in depletion state by the im- 

30 plantation of impurities onto the above well-region. 

In the horizontal transfer section of the solid 
state imager according to the present invention, in 
order to match the driving condition of the transfer 
clock, the potential is made shallow by the im- 

35 plantation of boron onto the well-region of the sec- 
ond conductivity type and then the well-region is 
formed completely in depletion state by the im- 
plantation of impurities onto this well-region. En- 
ergy of the ion implantation is selected to be high 

40 so as not to affect the signal charge transfer region 
substantially. Since the well-region is formed com- 
pletely in depletion state, the charge transfer effi- 
ciency in the horizontal transfer can be increased. 
Further, since the mask for the implantation of 

45 impurities is used commonly when the implantation 
of donor is carried out, the improvement of the 
charge transfer efficiency can be realized only by 
adding the ion implantation process. 

The above and other objects, features, and 

so advantages of the present invention will become 
apparent from the following detailed description of 
an illustrative embodiment thereof to be read in 
conjunction with the accompanying drawings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a structure of a conven- 
tional CCD solid state imager of an interline 
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transfer type; 

FIG. 2 is a cross-sectional view of a horizontal 
transfer section of a solid state imager accord- 
ing to an embodiment of the present invention; 
FIG. 3 is a diagram of potentials in respective 
regions before the implantation of boron; 
FIG. 4 is a diagram of potentials in respective 
regions after the implantation of boron; and 
FIG. 5 is a diagram of potentials in respective 
regions after the implantation of donor. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENT 

An embodiment of the present invention will be 
described in detail with reference to the drawings. 

FIG. 2 shows a cross-sectional view of a struc- 
ture of a horizontal transfer section in a solid state 
imager according to the present invention. 

Referring to FIG. 2, on the surface of a semi- 
conductor substrate 11 of a first conductivity type, 
e.g., N type, there is formed a well-region of a 
second conductivity type, i.e., P type (hereinafter 
simply referred to as a P well-region) 12, and an N 
type region 13 is formed on the surface of the P 
well-region 12. A horizontal shift register 4 (see 
FIG. 1) is comprised of a signal charge storage 
region 14a of an N type, a signal charge transfer 
region 14b of an N- type, both being formed on the 
surface of the N type region 13, a storage gate 
electrode 16 and a transfer gate electrode 17, 
which are formed on the regions 14a and 14b 
through an insulating layer 15 made of a silicon 
oxide layer (Si02 layer) 15. In the horizontal shift 
register 4, the adjacent storage gate electrode 16 
and transfer gate electrode 17 form a pair and 
supplied with two-phase transfer clocks ^ H t and 
<t>H2 to thereby transfer the signal charges in the 
horizontal direction. 

In order to match the driving condition by the 
two-phase clocks <£m and <>H2, that is, in order to 
enable the transfer driving by the transfer clocks 
4>hi and $H2 of two values in which the "L" level is 
OV and the "H" level is 5V,the potential is lowered 
or made shallow by the implantation of boron (B) to 
the P well-region 12. FIG. 3 shows a diagram of 
potentials of respective regions before the implan- 
tation of boron and FIG. 4 shows a diagram of 
potentials of respective regions after the implanta- 
tion of boron, respectively. A broken line in FIG. 4 
shows the potential before the implantation of bo- 
ron in FIG. 3. As clear from FIG. 4, by the im- 
plantation of boron to the P well-region 12, the 
potential becomes shallow over the whole regions 
and particularly the potential of the P well-region 12 
becomes neutral (neutral region). 

After the implantation of boron, the P well- 
region 12 is further implanted with donor (donor 



impurity) of energy which is selected substantially 
so as not to exert a bad influence on other element 
sections such as the transfer region or the like. 
When the donor is implanted, a mask through 
5 which the boron is already implanted is used com- 
monly. By implanting the high-energy donor into 
the P well-region 12, as shown in FIG. 5, the P 
well-region 12 can be formed completely in deple- 
tion state while substantially maintaining the poten- 

10 tial of the N type region 13 at the potential shown 
by the solid line in FIG. 4. In that case, in order to 
prevent the potential of the transfer regions and so 
on formed on the surface of the N type region 13 
from being made deep, the dose amount of donor 

is impurity must be optimized. 

Incidentally, a broken line in FIG. 5 shows a 
potential after the implantation of boron in FIG. 4. 

As described above, according to the present 
invention, since the P well-region is made com- 

20 pletely in depletion state by the implantation of 
donor whose energy is selected high so as not to 
exert a bad influence upon other element sections 
substantially, the charge transfer efficiency in the 
horizontal transfer can be improved while other 

25 element sections are prevented from being affected 
substantially. Further, since the mask used for the 
implantation of boron is used commonly upon im- 
plantation of donor impurity, the improvement of 
the charge transfer efficiency can be realized only 

30 by adding the ion implantation process. 

Having described the preferred embodiment of 
the invention with reference to the accompanying 
drawings, it is to be understood that the invention 
is not limited to that precise embodiment and that 

35 various changes and modifications thereof could be 
effected by one skilled in the art without departing 
from the spirit or scope of the invention as defined 
in the appended claims. 

40 Claims 

1. A charge transfer device comprising: 

(a) a substrate (11) of a first conductive 
type; 

45 (b) a well-region (12) having a second con- 

ductivity type and provided on said sub- 
strate; 

(c) a charge transfer region (14b) having 
said first conductivity type and provided on 

so said well-region; 

(d) a first set of electrodes (17) provided on 
said charge transfer region through an in- 
sulating layer (15) and supplied with a first 
drive pulse (</>m); and 

55 (e) a second set of electrodes provided on 

said charge transfer region through an in- 
sulating layer (15) and supplied with a sec- 
ond drive pulse (</>h2)» wherein said well- 
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region is formed in depletion state by se- 
lecting the impurity concentration so as to 
increase charge transfer efficiency. 

2. A charge transfer device according to claim 1, 5 
in which said well-region (12) is formed in 
depletion state by ion implantation. 

3. A charge transfer device according to claim 2. 

in which said ion implantation comprises high w 
energy-ion implantation. 

4. A charge transfer device according to claim 3, 
in which said first conductivity is of a N-type 

and said second conductivity is of a P-type. 75 

5. A charge transfer device according to claim 4, 
in which said first and second drive pulses 
have opposite phases to each other. 
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FIG. 3 




FIG.U 




6 



EP 0 499 275 A1 



FIG. 5 




7 



Office 



EUROPEAN SEARCH REPORT 



EP 92 10 2515 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Ckatioaofcl 



CLASSIFICATION OP THE 
APPLICATION (Int. CL5 ) 



EP-A-0 405 401 (SOW CORPORATION) 

* abstract " 

PATENT ABSTRACTS OF JAPAN 

vol. 11. no. 346 (E-556)(2793) 12 November 1987 
& JP-A-62 12S 668 ( SHARP CORP ) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 6, no. 99 (E-lll)(977) 8 June 1982 

a JP-A-57 032 179 ( TOKYO SHIBAURA DENKI K K ) 

* abstract * 

EP-A-0 354 619 (N. V. PHILIPS' 
GLOEILAMPENFABRIEKEN) 

* col mm 6. line 18 - line 31 * 

* abstract * 

EP-ArO 278 565 (N. V. PHILIPS 1 
GLOEI LAMPENFABRIEKEN) 

* coluan 4, line 27 - line 40 * 

* abstract * 



1-5 



1-5 



1-5 



1-5 



1-5 



H01L27/148 



d.5) 



H01L 



The 



i *iwn 19 ftr all 



THE HAGUE 



30 MARCH 1992 



0NSHAGE A.C. 



CATEGORY OF CITED DOCUMENTS 

X : partiaiUrty retevut If takm i 
Y : prttcuUrty ntenvt tf 

EDCESCSt Clf tie ww^m , 

A : ttdaotatfcal feackpu* 

O: 
P: 



T ; theory or priadpto netfrfahl the 
E : cuttar peteet tocnaMet, tat pohnshei an, c 

after the fiUeg fate 
D - toaneoet cited ie tbi 
L : fecmaert dtai far other > 



A:i 



